At the end of the third school year, no differences were found
Introduction
Screening-the activity of searching for potential health problems among apparently healthy people-has a history of both spectacular successes and sobering failures. The promise of accurate, early detection of treatable and preventable causes of illness and suffering has frequently led to enthusiasm for organized community programs directed at large numbers of individuals. This approach has enjoyed considerable success, for example, in the prevention of the phenylketonuria' and breast cancer in older women.2 On the other hand, mass screening for scoliosis3 or tuberculosis4 has been less effective, and may not be a good investment of limited community health care resources. Moreover, programs which may be efficacious in ideal circumstances, such as screening for cervical cancer or hypertension, have often been difficult to implement optimally in practice, because of problems of noncompliance by citizens and professionals alike. 7 If community screening is to be worthwhile, several prerequisites must be met, including: a burden of morbidity sufficient to warrant mass screening; a screening test which is accurate in the general community; compliance with the recommendations for post-screening follow-up by positive screenees and community professionals; and, most importantly, efficacious treatments or preventive interventions. 8 Problems of child development, behavior, and school progress are major components of pediatric morbidity in North America.Y '12 Estimates of the prevalence of these problems vary from 15 to 30 per cent and large amounts of health, education, and social services are used in their treatment.'0"2 These problems may have considerable longterm impact on the well-being of children and their families, gram children had more worry about their child's school progress suggesting a potentially harmful labeling effect. In comparison to a random sample of children with normal DDST results, or a random sample of children who had randomly not been screened, the children with positive preschool DDSTs had substantially more school problems three years after screening. (Am J Public Health 1987; 77:45-51.)
Screening, early detection, and prevention have thus become important and popular goals for both authorities in child development'1'8 and those who administer community health and education services. 19 20 An easy to use, relatively inexpensive, preschool child development screening test first became widely available to public health services after publication of the Denver Developmental Screening Test (DDST).2 22 Other tests have followed, and mass screening of preschoolers' development has become worldwide. 23 In 1980, in Ontario, Canada's most populous province, 18 of the 43 regional public health departments reported that they screened at least 75 per cent of children in their catchment areas with the DDST during the year prior to school entry, and most other departments used in the DDST but with less complete community coverage. 24 The general goal of these community health programs is to reduce the incidence of subsequent problems in development, learning, and behavior.
Despite its popularity, we are unaware of any previous attempts to rigorously evaluate, in an actual community setting, the effectiveness of public health developmental screening followed by a program of community health nurse counseling and referrals for diagnostic, therapeutic, and preventive help for children with positive screening test results. The purpose of this paper is to report the findings of a randomized controlled trial of such a program.
Methods
An overview of the study design is presented in Figure  1 : a randomized controlled trial was initiated in 1980 Written informed consent of the child's parent (which met ethical standards of both the Chedoke-McMaster Hospital and the provincial governmental granting agency) was obtained at the clinic DDST "station", after which children were individually randomized, using sealed envelopes, to one of two main study groups, or to a third, smaller, group which was not screened. Consent was obtained by one of six specially trained nurses who had no other duties at the school registration clinics. Equal numbers of children were randomized to each of the three study groups during the spring 1980 intake; however, to increase the number of positive screenees in the two main study groups-the public health department screening, counseling, and referral program (study group A described below) and the primary control group (study group B)-no children were allocated to study group C (not screened) during the fall 1980, or the spring 1981 intake periods.
Study Group A: DDST, Counseling and Referral Program
A public health nurse administered the DDST in a quiet area of the school according to the procedures recommended in the test manual.26 All children with "abnormal", "questionable", or "untestable" DDST results were given a second DDST several weeks later (as recommended in the manual) by one of two nurses who did all in-home testing and who had not participated in the initial testing. All children with non-normal test results on the second occasion received the following interventions: the nurse counseled the parent regarding the DDST results and the need for diagnostic assessment; a letter of referral was sent to the child's physician requesting further investigation and that the physician's report be sent to the public health department; a conference with the school public health nurse and the child's teacher was held at the beginning of the school year to review the DDST finding and any further assessments; the school nurse monitored the child's progress, and was available to advise parents or initiate referrals to appropriate community services available outside the school system. This study group followed the existing screening, counseling, and referral program which was first introduced in the health department in 1975.
Study Group B: DDST but no Counseling or Referrals
The same DDST procedures as in Group A were carried out. However, if the second DDST was positive no intervention was undertaken and the test form and results were forwarded to the study data center at McMaster University without being revealed to parents or anyone involved with the child in the community. Children's future kindergarten teachers had no involvement with the screening program for this group, and were "blind" to the results of screening. Similarily, the nurses who administered the screening test were not the school health nurses who were involved with AJPH January 1987, Vol. 77, No. 1 follow-up of positive screenees in the program, and they were also blind to the results of screening.
Study Group C: No DDST
A smaller sample of children was randomly assigned not to receive the DDST. The purpose of this group was to allow us, as a secondary analysis, to determine if the mere fact of DDST administration in the parent's presence (without regard to any discussion of the formal test result or subsequent follow-up) had any effect on children's outcomes.
Although we felt this was an unlikely possibility, group C was included so that the study results would have better credibility to planners in the Niagara region who had raised this issue.
For purposes of secondary analysis, random samples of 170 children with normal DDST results and 170 children from group C were selected to be eligible for the measurements described below. Measures * Teachers were asked to provide global ratings of learning problems, behavior problems, need for special attention, and referrals made to school special education services at the end of the child's first and third years in school. In order to maintain blindness to control children's study status, and for the purposes of other related studies which we were conducting, kindergarten teachers were asked to rate all children in their class regardless of study group or DDST result. Teachers at the end of the third school year were judged very unlikely to be aware of a child's preschool DDST result. A standard self-administered rating form described earlier was used.24 * All parents of positive screenees and random samples of those who had children with normal DDST results, and parents of children from study group C (who had not been screened), were asked to complete a mailed self-administered Child Well-being Questionnaire (CWBQ) three years after their child had entered the study. The Eight hundred and forty-six children were randomized to group C and did not receive the DDST. Of the 3,915 children who did receive the DDST (groups A and B) 207 (5.3 per cent) were found to have an "abnormal", "questionable", or "untestable" (AQU) result at the time of school testing, and all received an in-home retest; 52 of these children (25 per cent) then had a second AQU result. These 52 children (1.3 per cent of all children screened) were the positive screenees of the program. Twenty-eight of the children had been randomly allocated to group A prior to screening, and 24 to group B. In the remainder of this report the terms groups "A" or "B" are used with reference to these positive screenees, not the entire group of children randomized prior to screening.
Participation and Follow-up Rates
Four thousand seven hundred and sixty-one (99 per cent) parents agreed to randomization and their child's participation in the research. Of the 52 children with positive DDST results, six (11.5 per cent) were lost to follow-up: three from each of groups A and B. Three children had moved from the area and three parents declined to give renewed consent for psychometric testing or complete the CWBQ. Chidren lost to follow-up were similar in age and gender to the remaining children. All teachers completed rating forms for children in their class.
One hundred and fifteen of 170 parents (68 per cent) of the randomly selected children who had a normal DDST completed the CWBQ and gave consent for academic and psychometric testing of their child. One hundred of 170 parents (59 per cent) of the randomly selected group C children provided consent for testing; 91 parents (54 per cent) in this group completed the CWBQ. Teacher ratings for children whose parents had provided consent for individual testing were compared to ratings obtained for children where individual testing was not carried out: 32 per cent of nontested children had teacher-reported learning problems while 20 per cent of children who were individually tested had learning problems reported.
All seven community service agencies cooperated and identified all study children who had been referred in the year after screening. All 44 community health nurses involved in the screening, counseling, and referral program in the three participating school districts completed the mailed questionnaire concerning their knowledge of and compliance with the community health and education program for positive screenees.
Description of Study Children
Overall the composition of study groups A and B was very similar. The mean age in study group A was 55.3 months, and 55.5 months in study group B. The gender distribution was also similar in groups A (65 per cent male) and B (67 per cent male). Maternal education and the General Family Function scores, obtained from the CWBQ administered at the conclusion of the study, were similar for both groups.
Age, gender, maternal education level, and family function score were also compared between the positive screenees, the 115 randomly selected children with normal DDSTs, and the 91 randomly selected children from group C. Except for the highest level of maternal education completed where the mothers of positive screenees had achieved lower levels than other mothers, no differences were found. groups have very high and similar rates of teacher-reported learning problems at the end of their third school year. However, more parents of children who had received health department-initiated interventions (group A) reported much higher rates of worry about their children's school performance during the previous three months than did parents of children in group B, who did not receive the prevention program (68 per cent vs 35 per cent). The exact CWBQ item wording was: "During the past three months how much have you been worried or concerned about any problems this child may have had with school work?", and the possible response options were "not at all", "a little", "somewhat", "a great deal". We classified responses in the latter two categories as "worried" in the analyses presented here.
Results of the four WISC-R sub-tests (information, similarities, vocabulary, and block design) and the McCarthy perceptual-motor scale did not demonstrate any substantial between-group differences (Table 2) . Behavioral, social and emotional well-being outcomes from both teacher and parent perspectives are also shown in Table 2 . No consistent differences between groups A and B were found for any of the outcomes measured. We reasoned that because no beneficial effect of the program was seen in positive screenees, and because the proportion of children with positive DDST results in the target population was relatively small, there would be no detectable aggregate effect of the screening, counseling, and referral program at the level of entire study group comparisons.
Given that the public health program was not effective, and that only a small proportion of children had a positive DDST result, we wished to examine whether or not the group of children with non-normal DDST results was at greater risk of school problems. The data from groups A and B were combined and compared to the academic and school outcomes of the randomly selected group of children with normal DDST results and to the random sample of children who had not received the DDST (group C) as shown in Table  3 . All outcomes showed substantial differences between the positive screenees and both other comparison groups indicating that this group, although relatively small in number, was indeed at higher risk of a poor school outcome. No differences were seen between screened, normal, and unscreened children (study group C), indicating a lack of any effect from merely administering the DDST in the parent's presence. The school outcomes of children within group A who had and had not been seen for diagnostic assessment or treatment in the year following screening were compared. At the end of the children's third school year mean WRAT standardized reading (85 vs 100), spelling (86 vs 99), and arithmetic (83 vs 97) scores were lower in the group who had received services.
Discussion
It is clear that the screening, counseling, and referral program described in this report was not effective in meeting the goals of improving school performance, developmental attainment, or behavioral/emotional outcomes for children in the early school years. The increased rate of parental worry in the group who received the "prevention" program of referrals, counseling, conferences, and school nurse follow-up may be interpreted either as appropriate awareness or as a potentially harmful "labeling" effect. "Labeling" has been shown to have a harmful effect in mass screening programs for hypertension in the workplace,34 and may represent a common side effect of mass screening. The question must be asked whether any excess of induced parent worry is justified when there is no evidence of benefits accruing to children. An additional disadvantage of this screening program arises from the community perspective: the lost opportunities and resources within the publicly funded health, education and social service system which could have been used for programs of more certain benefit. This research was designed as an effectiveness study in contrast to an efficacy study.35'36 Efficacy studies investigate whether or not interventions can work in ideal, highly controlled experimental situations where, for example, all experimental subjects comply with all aspects of a treatment under investigation. Effectiveness studies are designed to determine if an intervention does work in real-life situations where, for example, non-compliance is usually commonplace, or nurses may make some errors of DDST scoring in spite of training. We believe that an effectiveness study is the most relevant and useful to community health and education policy makers who must make decisions on whether to implement a screening program in their community. We have proposed methodologic standards for effectiveness studies of community screening programs and these have been closely adhered to in this project.8 '37 Relatively few children were lost to follow-up among the 52 positive screenees. The lower follow-up rates and the potential for associated non-response bias among the DDST normals and non-screened children from study group C would be more troublesome to some of our secondary analyses (Table 3 ) had the differences between positive screenees and other children been less striking. It is unlikely that differences of this magnitude could be explained by differences in lost-to-follow-up rates.
The effectiveness of mass screening has been controversial in many fields of health care.38 In many instances, including developmental screening, those who are responsible for planning and carrying out community programs have seemingly dismissed these doubts and have provided screening for their community. 19, 24, 39, 40 However, only a very small number of randomized controlled trials of community screening programs, which would assist in resolving the controversies between opinion and practice, have been reported. 8 We are unaware of any previous randomized controlled trial of preschool screening in a community setting. The main goal of our study was to determine the overall effectiveness of a program similar to those available in many parts of Ontario, so that the results might be generalizable and applicable to public health and education policy makers. For this reason, no attempt was made to provide an idealized program; rather we have attempted to describe the process of care in an actual community. We believe the effort, enthusiasm, amount, and quality of care available in the Niagara region for preschool developmental screening is comparable to that found in many North American communities.
All community health nurses administering the DDST in the Niagara preschool registration program had completed annual training in using the test and their average number of years of experience with the test was high. The annual training was supervised by a nurse who had been specially trained in DDST use at the JFK Child Development Center, Denver, where the test was developed. We have previously reported the results of a study in the Niagara region of the intra-nurse agreement for the key in-home retest of children who screened positive at school registration: kappa values for both nurses doing in-home testing were greater than 0.7, indicating excellent agreement. 24 Only about two-thirds of parents followed the recommendation to have their child seen by his or her physician after a positive screening test result. This rate of compliance is similar to that reported for multi-disciplinary investigation or treatment recommendations given to the parents of children with developmental retardation,4' and for other healthrelated advice42 and may represent the upper limit that can be expected without additional strategies to increase compliance.
Compliance by community health nurses with the program was high. Physician compliance with sending reports to the health department was also good. Studies by Cadman, et al, (which were carried out in part in the Niagara Region)41 '43 and by Schour4 have demonstrated that teacher compliance with the recommendations for children with developmental and learning problems is moderately good following specialist consultation. While the screening program influenced the type of assessment and management (i.e., in the community vs in the school system), nearly one-half of the children in the DDST, counseling, and referral group did not have a specialist diagnostic evaluation subsequent to a positive test result. If the specialists' advice is efficacious, then a major challenge to the public health and education systems becomes the linking of children with positive screening tests to the best available diagnostic and consultation services in the community.
Our findings suggest that the incomplete use of specialist services after positive screening is not the main reason for the ineffectiveness of the screening program. We speculate that children with the most severe problems are taken to such services, and that the services themselves may be nonefficacious (in terms of diagnosis, treatment, or preventive interventions) in preventing subsequent school achievement problems. However, our study was not designed to test the efficacy of available interventions to treat or prevent school problems: the post-screening service user/non-user groups were not randomized to that status, and their prognostic comparability is unknown. The findings are a stimulus to describe the characteristics of developmental assessment and management as it is practiced in community settings and to rigorously evaluate the preventive efficacy of the more promising interventions. Community planners need to decide whether or not statutory agencies who undertake screening, such as public health departments, can ensure prompt diagnostic evaluation for all children with positive screening tests.
Conclusion
The prevention of early school problems should be an important goal of community health and education programs. However, services such as public health departments and schools must carefully appraise their roles in preschool developmental screening. From the community health perspective, programs such as the one described in this report appear ineffective; they may even be harmful to some parents, and consume public health care resources.
Non-compliance with necessary diagnostic, therapeutic, and preventive follow-up for children with positive screening tests was a major observation in this study. Community health nurses are usually in an excellent position to provide inter-agency and inter-disciplinary liaison (particularly between medical and other professions), and liaison and counseling to parents through school health programs. The mandate of the community health nurse could usefully include more responsibility for implementing strategies to improve compliance by both parents and professionals in using the best available diagnostic services in the community for every child who is seen as at risk for school and learning problems.
Finally, we hope that our findings stimulate policy makers to determine the effectiveness of diagnostic, therapeutic, and preventive services which are available in their own community for children identified by screening. Unless effectiveness can be demonstrated, there is little likelihood that mass developmental screening will result in more good than harm for the children of the community, or is a sound investment of public health care funds.
